There is an overwhelming evidence for the South Pole of stable temperatures, with all the latest news reporting on presently cooling temperatures and increasing ice coverage. The thermometer records for the stations of Byrd, Bellingshausen, Novolazarevskaya, Mirny, Vostok, Progress, Russkaya, Molodeznaya and Leningradskaya are analysed together with the satellite measurements of surface air temperatures and sea ice extent. The thermometer records are often scattered data biased by heat release and heat storage processes nearby the thermometer location, but globally they do not support any particular warming trend over the full length of the records that in the best cases is 55 years long. The satellite measurements of temperatures and sea ice extent conversely clearly support a cooling trend over the 35 years of the record. The Antarctic region is undoubtely presently cooling, as the ice surrounding Antarctica is expanding, and the coolest place on Earth was recently discovered in Antarctica.
. Satellite surface air temperature measurements
The National Space Science and Technology Centre (NSSTC) data set (NSSTC [3] ) indicates for the temperatures of the region a nearly at pro le over the last 35 years of continuous measurements, and actually a present cooling trend rather than a present warming trend. 1.90·10 − and 1.08·10 − °C per year global, land and ocean, covering 22 years of the upwards phase and only 13 years of the downward phase of a quasi-60 years oscillation superimposed to a mildly warming movement (Parker [6, 7] , Scafetta [8, 9] ). The GISS reconstruction starts in 1880, but the results especially for the early years are everything but reliable. The GISS data are likely a ected by anthropogenic upwards biases having nothing to do with the modi ed composition of the atmosphere (Parker [6, 7] ) and produce a warming trend much larger than the legitimate. The warming trend is the result of natural e ects and/or the e ect of the changed composition of the atmosphere through the and (e) (data from NSSTC [3] and NASA-GISS [13] ); measured for Bellingshausen (f), Novolazarevskaya (g), Mirny (h), Vostok (i) and Progress (j) stations (from AARI [15] ).
increased carbon dioxide content and/or the other anthropogenic biases. The GISS result is shifted for same temperature of the NSSTC result in June 2000. The GISS data 1910 to present clearly evidences two nearly identical quasi-60 year oscillations about a longer term warming movement. The warming rate is 7.70·10
− °C per year. The GISS warming movement 1910 to present, especially if depurated of the other anthropogenic upwards biases having nothing to do with the modi ed composition of the atmosphere, includes (Scafetta [8, 9] ), or is almost totally made of (Parker [6, 7] ), a longer term natural oscillation. A mild warming of the air temperature land and sea surface is fully compatible with the slowly rising seas without any acceleration component of the long term tide gauge records (Parker, Saad Saleem & Lawson [10] ; Parker [11, 12] ). However, air temperatures and bulk deep oceans' temperatures are di erent, and the two temperatures would change di erently if the planet would be subject to an increased heat uptake.
The world oceans' temperature and salinity are only measured with statistical signi cance and engineering accuracy since the start of the ARGO project (ARGO [14] ) in 2004, and since 2004 there has been no signi cant spatial or temporal variation of the temperature or salinity 0 to 2000 metres depth, 0 to 360 degres E, 60N to 60S (Parker [15] ).
. Local thermometer measurements in the Russian Stations
In addition to the satellite measurements, local measurements of ground and air temperatures by thermometers exist in few locations, su ering often of quality and reliability issues, with scattered data, short records, changes of location and measurement system, and thermometer readings biased by nearby heat release and heat storage processes that may be signi cant in the extremely low temperatures of the South Pole. Apart from the possible biasing, the quality of these records is almost perfect without any gap or other irregularities to mention. These time series almost perfectly identical along the coast and within the centre of Antarctica demonstrate the signi cant stability of the climate, especially having in mind that in these extreme conditions signi cant anthropogenic biases by heat release and heat storage e ects may occur simply because there is a station or some works are in progress in the area where the thermometer is located.
Progress has a rate of rise of − . ·10 − °C per year (cooling) over the period 1988 -2013, but clearly this station has a record with quality issues. The scattered data about the year 1990 are di cult to couple with the continuous data collected since the early 2000s, and the low completeness percentage does not suggested to infer any trend from this raw record. The record with gaps lled by using the procedure described later for the analysis of the Byrd station is not suggested for a trend analysis. The ground temperature is more likely a ected by human activities near the thermometer location (Beltrami [17] ) than the surface air temperature. "A complex relationship exists between variations in surface air temperature (SAT) and the temperatures of the underlying ground surface (GST) in terrestrial regions. While SAT variations are driven largely by atmospheric variability, GST is in addition signi cantly impacted by land-surface and soil properties, vegetation, latent heat sources and sinks, and permafrost distortion." However, in the extremely low temperatures of the Antarctic, human activities may certainly bias upwards also the surface air temperature measured at 2 metres of height, and the issue certainly deserves attention.
Three other Russian stations, Russkaya, Molodeznaya and Leningradskaya, have scattered data and are not operational any more. Russkaya only covers the 1980s with a warming trend not particular meaningful su ering from the start of the recording during fall and the end of the recording in summer while covering less than a decade. Molodeznaya covers more than 35 years up to the year 2000 with a non-warming trend. Leningradskaya covers two decades from the early 1970s to the early 1990 with a cooling trend.
. Local thermometer measurements in the
Byrd Station -Is Byrd one of the most rapidly warming regions on Earth?
The Byrd station was established about same time of the Novolazarevskaya, Mirny and Vostok stations, with commissioning of the rst station in 1957, but this station operated only four years. Construction of a second station 10 km apart was started in 1960 following the collapse of the rst station. The new Byrd station was mostly located underground except than some scienti c structures. Over a period of years, the structures of this second station buckled from within and in 1972 the station was redesigned and moved back to the surface.
Byrd is one of the stations of the GISS Surface Temperature Analysis (GISTEMP) network hypothetically with "reasonably long, consistently measured time records". However, the Byrd station's temperature record had many gaps and it su ered of the three reconstructions of the station over the same 55 years the Novolazarevskaya, Mirny and Vostok stations were operating without issues. The "raw" temperatures truly measured were indicating many more quality issues than the Bellingshausen, Novolazarevskaya, Mirny and Vostok records. The quality issues originate from the almost 25 years of "works-inprogress" until the mid-1980s, the di erent measuring systems, the di erent locations, and the presence of signicant gaps.
The Byrd station had scattered data covering the periods 1957 to 1970 and 1980 to 2012 from two di erent stations. The observations 1957 to 1975 were from the initial year-round occupied station while data since 1980 are provided by the automatic weather station. The record has other signi cant gaps worth of mention, for example 1987 to 1991. A better analysis of the raw data is proposed later. The Byrd station data has been analysed by Bromwich et al. [4] , Middleton [18] and Berkeley Earth [19] .
. . Bromwich analysis
Figures 2.a to 2.b present the reconstructed time series proposed by Bromwich et al. [4] by in lling the gaps but also correcting the truly measured data, time series from Polarmet [23, 24] . In the reconstruction by Bromwich et al. [4] proposed as an original paper and a subsequent "corrigendum", a continuous time series is constructed by assembling the inhomogeneous data, and in lling, correcting and homogenizing the data. The resulting time series is characterised by unbelievably high time rates of change of temperatures, that di er of more than 100% from the original paper to the latest "corrigendum", and have tting errors exceeding largely the computed trend modules. " For 1958 For -2010 [18] . In the analysis by Middleton [18] , the red data are the summer temperatures (December, January and February) and the blue data are the year round average temperatures. Only one value per year is computed. The smallest warming of the average vs. the summer temperatures is an indication of possible bias. As reported by Middleton [18] , by tting all the data as they could represent a single, reliable, continuous, measurement of good quality when they are not the linear tting returns a slope of 0.041°C per year. By tting all the data available for the summer temperatures, the linear tting returns a reduced slope of 0.015°C per year. The data 1957 to 1970 may be tted with a line of slope 0.1033°C per year. All the points 1980 to 2012 may be tted with a line of slope 0.0345°C per year. However, by tting the data 1991 to 2012, the slope is a negative − .
°C per year (cooling). Middleton [18] does not claim any trend for Byrd, and he only clari es that the data available are not enough to infer a reasonable trend. Better details in Middleton [18] . Figure 2 .e and 2.f present the reconstructed time series proposed by Berkeley Earth [19] by in lling the gaps and correcting the truly measured data same of Bromwich et al. [4] but with a di erent technique. Figure 2 .e is the di erence from Regional Expectation and Figure 2 .f is the Breakpoint Adjusted Annual Average Comparison. In the time series reconstructed by Berkeley Earth [19] , after quality control the rate of warming that in the "raw" data is 4.01°C per century increases to 4.04°C per century. However, after accounting for di erences from regional expectations, but more than that introducing breakpoints alignment, this The reliability of this latter result is poor especially over the full time window. The only conclusion about Byrd is that the quality of the scattered raw data is so poor that these data should not be used to infer any trends.
. . Berkeley Earth analysis
warming rate drastically reduces to 1.77°C per century. Better details in Berkeley Earth [19] .
. . Present analysis
The two time series proposed by Bromwich et al. [4] , updated December 2012 the original, and updated June 2013 the revised, build the warming rates of 0.0431 and 0.0380°C by considering homogeneous the data that is clearly not homogeneous. Berkeley Earth [19] computes 60% less warming mostly by introducing a break point to homogenise the data. Middleton [18] only conclude that the data available do not permit to assess any trend 1957 to present and we fully subscribe this statement. As a demonstration that starting from very scattered data almost any trend may be produced by in lling, similar results to those proposed by Berkeley Earth are obtained here by using a non-linear regression model to ll the gaps in the raw measured values.
The tting curve is:
In this equation, x is the time, y the temperature, n is the number of sinusoidal functions and y , a, A i , x c,i , w i are the tting coe cients. ε is the tting error. This error includes oscillations that are not represented by a simple sinusoid, other oscillations that are not included, errors and bias that are randomly distributed, errors and bias deterministic, andnally the eventual in uence of global warming that would translate in higher than underlined linear trends and obviously noise.
The model (1) works quite well in tide gauge time series of good quality, length and completeness. The model has been used so far to describe the pattern of natural oscillations about a longer term linear trend in tide gauges spanning more than 100 years of data with almost 100% completeness and no signi cant perturbation to the measurements.
While in case of linear and parabolic ttings, the multi decadal oscillations produce "velocities" and "accelerations" that depend on the adopted time window even if the time series is perfectly sinusoidal, the method (1) has the advantage to clear the trend of the oscillations, and can certainly be improved rst of all by introducing periodic functions not simple sinusoids.
Application of this model to the data of Byrd cannot produce any reliable trend simply because the data collected until 1970 show oscillations about a trend that is completely di erent from the trend described by the oscillatory data collected after 1980, and over the critical decade 1970 to 1980 almost all the data are missed. 
. Antarctica sea ice extent and coldest place on Earth by satellite
Antarctica possibly warmed from the late 1950s through the early 1970s, but since the end of the 1970s, there has been no warming, or actually there is a cooling over Antarctica, with patches of warming opposite to overwhelming areas of cooling. Figures 3.a to 3 .d presents the daily ice extent (from NSIDC [20] ), an image of the sea ice extent around Antarctica on September 22, 2013 ((from NASA [1] ), and the location of the lowest temperatures on Earth o a ridge in the East Antarctic Plateau (from NASA [2] ).
Satellite monitoring of the sea ice extent provides further data about the climate of Antarctica. The sea ice in the Antarctic has proved to be remarkably robust and new measurements have now con rmed that it has extended over the highest area since measurements began in December 1978. Each year the Antarctic sea ice reaches its minimum extent in February/March and it then then grows until reaching its maximum extent in September/October. In September 2013, the ice surrounding Antarctica reached its annual winter maximum and set a new record of over 19.47 million square kilometers of the Southern Ocean up to a previous record of 19.44 million square kilometers set in September 2012 (NASA [1] ). The time history of the maximum sea ice extent for each September 1979 to 2013 shows that despite a signi cant variability a ects the datum from year to year, the overall trend is of a growth of about 1.5% per decade. In December 2013 it was announced that the coldest place on Earth was discovered to be a high ridge in the Antarctic on the East Plateau where temperatures in several hollows can dip below minus 92°C on a clear winter night (NASA [2] ). The discovery was made analysing the most detailed global surface temperature maps to date developed with data from remote sensing satellites including the new Landsat 8. Researchers analysed 32 years of data from several satellite instruments to determine the new record of minus 93.2°C set August 10, 2010.
The ice extent anomalies are plotted as a time series of % di erence between the extent for the month in question and the mean for that month based on the January 1981 to December 2010 data. On September 22, 2013 the ice covered more of the Southern Ocean than at any other time in the satellite record. Sea ice extent is de ned as the total area in which the ice concentration is at least 15%. The yellow outline shows the median sea ice distribution for September from 1981 to 2000.
. Prior attempts to demonstrate a rapidly warming Antarctica
Similarly to the "most rapidly warming region on Earth" suggested by Bromwich et al. [4] on the basis of their reconstructed time series for Byrd, Steig et al. [5] already proposed a globally warming pattern for Antarctica contradicting the general consensus. Steig et al. [5] used a combination of surface observations and satellite-borne measurements as the basis of a reconstruction spreading the warming across the continent over a longer time window since 1957 and shorter time windows covering 2 to 3 decades. By using a different technique but the same data, O'Donnell et al. [21] produced a completely di erent reconstruction con rming once more the not-warming trend for Antarctica. As commented by World Climate Report [22] , while the maps by Steig et al. [5] are not supported by any other study, the maps by O'Donnell et al. [21] are in good agreements with the map of the satellite-derived temperature of the lower atmosphere available since 1978.
Conclusions
There is an overwhelming evidence for the South Pole of presently cooling temperatures and increasing ice coverage.
Over the period circa 1980 to present, the NSSTC satellite global cooling trend for Antarctica has been − . °C per decade.
Over the period circa 1980 to present, the high quality thermometer records for the Russian stations in Antarctica have small temperatures warming (Bellingshausen) or temperature cooling (Novolazarevskaya, Mirny, Vostok) over the same period of time.
Over the period circa 1960 to present, there is a small warming from the di erent thermometer measurements that may be partially explained by heat release and storage processes close to the thermometer location.
Consistently with all the temperature measurements, by thermometer or satellite, the South Pole sea ice extent has been expanding since 1978 at a rate of 2.14·10 square kilometres per year.
The temperatures of the Russian stations, the global temperatures of the satellite, and the other data sets as the sea ice extent all supporting the general understanding of the stable spatial and temporal pattern of temperatures in Antarctica.
